different results. Therefore, it was worth examining whether there were racial and geographic variations in the incidence and pattern of oral diseases in children. The main purpose of this study was to evaluate the incidence as well as the age, sex and site of biopsied oral lesions in Taiwanese pediatric patients. In addition, we compared our results with those from previous studies carried out elsewhere.
Patients and Methods
Biopsy records of all oral lesions from pediatric patients aged 0-14 years, 6, 7 were retrieved from the files of the Department of Pathology, National Taiwan University Hospital, Taipei from 1988 to 2007. The data that we collected included histopathological diagnosis and lesion site, as well as age and sex of the patients. The patients were divided into three age groups: 0-5, 6-10, and 11-14 years. 11 Oral lesions were classified into four major categories: inflammatory and reactive, cystic, neoplastic, and other lesions. Abscess, dental caries, and impacted or supernumerary teeth were excluded from the analysis. Multiple specimens obtained from one patient were considered as one biopsy. The collected data were analyzed to determine the total number of each lesion and the number of lesions in each category, according to age group, sex and location.
Results
A total of 11,986 oral biopsies from all age groups were examined during the 20-year period. Seven hundred and ninety-seven (6.6%) of these lesions were found in pediatric patients, and 77 pathological diagnoses were obtained. The age of the patients ranged from 28 days to 14 years. The number of cases increased with age, especially after the age of 6 years. When compared with the incidence of oral lesions in the 0-5 years age group, the incidence in the 6-10 and 11-14 years age groups increased by 3.3-and 3.8-fold, respectively. The male to female ratio was approximately 1:1 in the three age groups studied (Table 1) . Table 2 shows the number and percentage of oral lesions in the four disease categories. The most common oral lesions in pediatric patients were inflammatory and reactive (45.5%), followed by neoplastic (23.5%), cystic (22.2%), and other (8.8%) lesions. Inflammatory and reactive oral lesions showed a slight female predilection. The neoplastic oral lesions occurred equally in male and female patients. The cystic and other oral lesions showed a slight male predominance. Overall, there was no sex predilection for all the oral lesions.
Among 77 pathological diagnoses obtained in this study, the 10 most common comprised 68% of all biopsied oral lesions (Table 3) . Mucous extravasation phenomenon (24.5%) was the most common lesion, followed by dentigerous cyst (10.5%), odontoma (10.4%), radicular cyst (4.8%), dental follicle (3.3%), and others (Table 3) . Mucous extravasation phenomenon was found frequently in the lower lip (64%), the dentigerous cyst in the mandible (55%), and odontoma in the maxilla (70%). Radicular cysts occurred equally in the maxilla and in the mandible (Table 3) . Table 4 shows the distribution of 363 inflammatory and reactive lesions according to age group and sex. The inflammatory and reactive lesions increased abruptly after 6 years of age. Only 17% of inflammatory and reactive lesions were found in patients younger than 6 years of age. The inflammatory and reactive lesions occurred approximately equally in male and female patients before the age of 10 years. However, they had a slight female preponderance after the age of 11 years. Of the 363 inflammatory and reactive lesions, mucous extravasation phenomenon (53.7%) was the most common, followed by nonspecific inflammation (6.3%), pyogenic granuloma (6.1%), and granulation tissue (6.1%) ( Table 4) . Mucous extravasation phenomenon occurred more frequently in female than in male patients, with the female to male ratio being 1.6:1. Neoplastic lesions were the second most frequent biopsied oral lesions in the present study.
Of 187 oral neoplastic lesions, 178 (95.2%) were benign tumors and nine (4.8%) were premalignant or malignant tumors (Table 5 ). Fifty percent of benign tumors and all neoplasms occurred in the 11-14 years age group. Only 12% of the benign oral tumors and all oral neoplasms occurred in the 0-5 years age group. There was no significant difference in the distribution of benign or malignant tumors between male and female patients. Odontoma was the most common benign tumor in pediatric patients, and represented 46.6% of all benign neoplasms and 44.4% of all neoplasms. Odontoma occurred frequently after 6 years of age and showed no sex predilection. Ameloblastoma was the second most common benign neoplasm in pediatric patients, with 96% (24/25) of these lesions occurring in the 11-14 years age group. Hemangioma was found in all three pediatric age groups and demonstrated no sex predilection. However, histiocytosis X occurred predominantly in patients under 6 years of age. Table 6 shows the site distribution of 178 oral benign neoplasms. The majority of odontogenic tumors were located in the maxilla (62/118) or the mandible (54/118). Odontoma was the most common odontogenic tumor, with 70% of the lesions occurring in the maxilla, especially in the anterior maxilla. Ameloblastoma was the second most common odontogenic tumor, with 88% of the lesions being in the mandible. Non-odontogenic neoplasms occurred sparsely in various oral sites, with the gingiva and the tongue being the two most common (Table 6 ).
There were only two premalignant lesions of verrucous hyperplasia and seven malignant tumors found in our pediatric patients. The premalignant and malignant lesions were scattered in different oral sites, with the tongue (3 cases) and mandible (2 cases) being the two most common sites (Table 7) .
Of the 177 oral cystic lesions, dentigerous cyst (48%) was the most common oral cyst, followed by radicular cyst (21.5%), odontogenic keratocyst (9.0%), unspecified odontogenic cyst (7.9%), and calcifying odontogenic cyst (5.6%) ( Table 8 ). Dentigerous cysts occurred more frequently in male (62%) than in female (38%) patients, and usually were found in patients older than 6 years of age (96%). The majority (79%) of radicular cysts occurred in patients between 11 and 14 years old. All odontogenic keratocysts, unspecified odontogenic cysts, and calcifying odontogenic cysts occurred in patients older than 6 years of age. Salivary duct, gingival and inclusion cysts occurred only in patients younger than 6 years of age (Table 8) . Of the 70 other oral lesions, dental follicle (37%) was the most common diagnosis, followed by ulceration (30%) and normal tissue (19%) ( Table 9 ).
Discussion
Although the time period of data collection was different, the frequency of pediatric oral lesions in all oral biopsies in the present study (6.6%) fell within the 5-8% range reported in previous studies. [7] [8] [9] 11 Studies from the United States have demonstrated a higher incidence of 12%, because the collected data included a wider age range from 0 to 19 years. 3,4 A higher incidence of 25% has been reported in African children aged 1-16 years. 10 Compared with the incidence from Asian children of similar age, our incidence of 6.6% is comparable to that (6%) reported from Southern Taiwan, 11 but is lower than that (15%) reported from Thailand. 12 There was no sex predilection for biopsied oral lesions in our study. A similar result has been reported in some previous studies. 6, 8, 12 However, a male predominance also has been reported. 7, [9] [10] [11] The variations in incidence and sex distribution were probably caused by differences in the type of biopsies examined, study design, diagnostic criteria, geographic area, population, and age range. 4, 5, 8 Our study showed an abrupt increase in the incidence of oral lesions after 6 years of age (88%), and the incidence increased slightly after 11 years of age. Similar results and trends have been found in previous studies, although the composition of age groups was different. 3, 4, [6] [7] [8] [9] [10] [11] [12] When the top 10 pediatric biopsied oral lesions were compared among different studies, only three lesions were shared in common; they were dentigerous cyst, radicular cyst and pyogenic granuloma. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Mucus extravasation phenomenon was missing in a study from African children. 10 Two studies from the United States had seven lesions in common from among the nine leading oral lesions. 3, 4 Three studies from Brazil had six lesions in common from among the 10 most frequent oral lesions, although the study designs were different. [5] [6] [7] In our study and one from Southern Taiwan, there were seven lesions in common from among the 10 most frequent oral lesions. 11 In addition, the three leading oral lesions, mucous extravasation phenomenon, dentigerous cyst and odontoma were identical and had the same order of frequency. The largest disease category in our study was inflammatory and reactive lesions (45.5%). This is consistent with the majority of previous studies, 3, 4, 6, 9 including the study from Southern Taiwan (45.9%). 11 However, another Asian study from Thailand has indicated that cystic lesions were the most common pediatric oral lesions. 12 The most common lesion in our study was mucous extravasation phenomenon (mucocele and ranula), which comprised 24.5% of all oral lesions and 53.7% of the inflammatory and reactive lesions. Similar findings have been reported in some previous studies. 3, 4, 6, 7, 11 Although mucocele is believed to develop equally in both sexes, 11, 13, 14 the present study showed a female predilection. Our result is in agreement with those reported by Cohen 15 and Nico et al. 16 In a largescale survey performed in the United States, 976 oral mucosal lesions were found among 10,030 individuals aged between 2 and 17 years, in which only five mucoceles were discovered. 17 However, the survey showed that lip/cheek bite was the most prevalent lesion and the lips were the most frequent site for pediatric oral mucosal lesions. 17 Mucocele and ranula are thought to be more prevalent in children than in adults and are associated with mechanical trauma. 18, 19 Therefore, the high incidence of mucus extravasation phenomenon could have resulted from trauma, such as lip or cheek bite, to the salivary glands. The second most common inflammatory or reactive lesion in our study was nonspecific inflammation. However, nonspecific inflammation is a diagnosis with relatively loose inclusion criteria. 3, 4 We suggest that the differences in the incidence and the most common site for nonspecific inflammation might have resulted from the adaptation of different inclusion criteria. The third most common inflammatory and reactive lesion in the present study was pyogenic granuloma, which showed an incidence of 2.8%. This incidence is comparable to that in the studies of Lima et al 7 and Chen et al. 11 However, a lower incidence of 1.9% for pyogenic granuloma has been reported, 6 as well as higher incidences of 9.3% and 11.4% in Africa 10 and Thailand, 12 respectively. Ninety percent of pyogenic granuloma occurred after 6 years of age, which is in accordance with the results of previous studies. [9] [10] [11] 20 Pyogenic granuloma showed a female predilection in the present study. This result agrees with studies from Turkey, 9 Africa 10 and Jordan, 20 but not from England. 8 In the present study, the most common site for pyogenic granuloma was the gingiva, which is similar to previous studies. 3, 4, 9, 20 However, the tongue and gingiva shared an equal incidence in African children. 10 In the present study, 95% of pediatric neoplasms were benign and only 5% were malignant. This finding is similar to those reported in some previous studies. 1, 6, 11, 12, 21 The benign tumors represented 22.3% of the total oral biopsies in the present study, which is more than the reported frequency of < 8% in Brazilian children. 6, 7 Otherwise, the percentage of benign tumors among total pediatric oral biopsies has varied from 17.5% to 32.0% in different studies. 3, [9] [10] [11] [12] Our study showed that odontoma was the most common pediatric benign oral tumor (46.6%), followed by ameloblastoma (14.0%) and hemangioma (9.0%). These three leading benign tumors were the same as those in studies from Japan, 1 Southern Taiwan, 11 and Jordan, 21 although the order of frequency of these three tumors differed between the studies. Some studies have shown that odontoma is the second most frequent oral lesion biopsied in children, 1, 3, 4, 12 and other studies have reported that hemangioma is the most common benign tumor among pediatric oral biopsies. 1, 5, 9, 21 We found that > 50% of odontomas occurred in the 6-10 years age group. This result is comparable to those reported in some previous studies. 1, 9, 21, 23 In the present study, odontoma shared an equal frequency in male and female patients. However, a predilection of male 8, 11, 22, 23 or female 24, 25 patients for odontoma has been reported. In the present study, 96% of ameloblastomas occurred in the 11-14 years age group, and there was an equal sex distribution. This result is consistent with those in previous studies. 1, [9] [10] [11] 26 However, there have also been contradictory reports that have shown a female 8 or male 24 predilection.
Oral malignancies were found in 0.88% of the pediatric oral biopsies in the present study. This is similar to studies from the United Kingdom 8 and Thailand, 12 but is lower than in a study from Southern Taiwan (2.1%). 11 Studies in African children have shown a very high incidence of malignant tumors, which were found in 34% of all biopsied oral neoplasms. 10, 26 These results could have been caused by the lack of oral health awareness, accessibility to health care, and some deficiency states in African children. 10, 26 In the present study, the pediatric neoplastic lesions were equally distributed among both sexes, which is consistent with previous studies. 12, 26 However, studies from Africa 10 and Southern Taiwan 11 have shown a male predominance, and the study by Tröbs et al has shown a female predilection for the occurrence of pediatric neoplastic lesions. 27 In our study, the most common site for benign oral neoplasms was the maxilla, followed by the mandible. This finding agrees with previous studies. 1, 7, 21 However, the reverse order of site preference has been found in other studies. 10, 21 In the present study, 69% of odontomas occurred in the maxilla and 88% of ameloblastomas occurred in the mandible. However, the mandible is the preferential site for these two odontogenic tumors in the Chinese general population. 25 In the present study, the gingiva was the most frequent site for non-odontogenic tumors. Bataineh and Al-Dwairi also have found that the gingiva is the most common site for oral soft tissue lesions. 28 We found that cystic lesions were present in 22.2% of all oral biopsies. This incidence was lower than that in studies from Africa (24.8%) 10 and Thailand (35%), 12 but higher than in Turkey (12%) 9 and Southern Taiwan (17.6%). 11 Dentigerous cyst was the most common cystic lesion, followed by radicular cyst and odontogenic keratocyst in the present study. This finding is similar to those in some previous surveys. 3, 12 We found that 96% of dentigerous cysts occurred in patients between 6 and 14 years of age. This result is comparable with that in the studies of Gültelkin et al 9 and Chen et al. 11 However, other studies have shown that radicular cyst is the most common pediatric oral cystic lesion. [8] [9] [10] Radicular cysts are associated with severe tooth decay, 29 therefore, the importance of oral health care should be emphasized. Radicular cyst and odontogenic keratocyst occurred predominantly in the 11-14 years age group in our study. Other studies also have demonstrated that all three of these cysts occur in patients aged 10-16 years.
10,11
The incidence of pediatric oral lesions in the present study differed from that reported in previous studies, especially those from different geographic areas, countries or races. We suggest that these discrepancies are probably the result of differences in criteria for diagnosis and lesion classification, composition of age groups, and populations studied. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] However, studies from the same geographic area, country or race have shown greater similarities in their results. [3] [4] [5] [6] [7] The present study evaluated the relative frequencies, as well as age, sex and site distribution of biopsied oral lesions in Taiwanese patients aged < 15 years. We found that the most common oral lesions were inflammatory and reactive (45.5%). The majority of the inflammatory and reactive lesions occurred after the age of 6 years when the dentition was transitional. We suggest that these lesions arise as a result of irritation and trauma of the teeth and neglect of oral hygiene. The majority of pediatric tumors were benign (95%). Although pediatric malignancies only comprised a very small portion of the biopsied oral lesions (1.1%), the possibility of their presence in young children's oral cavity requires vigilance.
